Inclusion of 2,4-dihydroxyquinoline in a variety of cyclodextrins with different cavity dimensions is studied. It has been found that excited state proton transfer is strongly affected upon the inclusion of 2,4-dihydroxyquinoline in the nano cavities of cyclodextrin derivatives. Molecular encapsulation of 2,4-dihydroxyquinoline by -, , and methylcyclodextrins in aqueous media has been studied by steady state absorption and fluorescence emission techniques. It has been found that the fluorescence intensity at 360 nm increases in case of inclusion in -CD. On the other hand, the band at 360 nm decreases with concomitant increase of the fluorescence intensity at about 325 nm in case of the inclusion in -CD and M -CD. Calculation of the association constant shows that inclusion in -CD is higher than in case of M -CD and -CD
Introduction
Hydroxyaromatic compounds show remarkable changes in their acidity upon excitation to their first electronic excited singlet state and become stronger acid than in their ground state. The phenomena of increased acidity upon electronic excitation, is called photoacidity and the molecules are termed photoacids (Alazaly 2018 , Pines 2007 . A series of 2-naphthol derivatives with cyano group at different positions on the distal ring have reported to have pK values lower than for 2-naphthol itself and therefore called these derivatives "super photoacids" (Tolbert 2002) . These authors have also reported naphthol derivatives with electron-withdrawing groups such as cyano or methanesulfonyl at C-5 and C-8 and found that they exhibit greatly enhanced photoacidity that enables excited state proton transfer (ESPT) to non-aqueous solvents such as alcohols and Me 2 SO (Tolbert 1994) . Agmon showed that the proton transfer step itself, which occurs in picoseconds, appears to depend crucially on the solvent due to the dependence of the dissociation rate parameter on water concentration and temperature. The dissociated proton diffuses in aqueous solutions anomalously fast, each proton hop taking place in just 1-2 ps (Agmon 2005) .
Photoacids other than naphthol derivatives have been recently reported as highly photostable "super"-photoacids (Finkler 2014) .
Cyclodextrins (CD's) are shaped like a truncated cone polysaccharide made up of six to eight D-(+) glucopyranose monomers connected at the 1 and 4 carbon atoms. The cavities of CD's are relatively hydrophobic and have an internal diameter of 4.7-8.3 A o (Szejtli 1998) . This difference in cavity size allows binding specificity to be tailored based on substrate size and geometry (Breslow 1998) . It is known that cyclodextrins (CDs) have the property of forming inclusion complexes with guest molecules with suitable characteristics of polarity and dimension. This ability has been widely used in studies of general inclusion phenomena and enzyme-substrate interactions, applied in food and pharmaceutical industries (Kida 2008) , and has also been used for analytical purposes (Sá Couto 2018).
The important feature of hydroxyquinolines is that they can exist in keto and enol tautomeric forms (K and E) and also, depending on the acidity of solution, undergo protonation and deprotonation reactions. Photochemical excitation often results in the alteration of acidity of protropic functional groups, which causes the shift in tautomeric equilibrium.
Although a large number of systems are capable of forming inclusion complexes with CDs, the changes in the photophysical properties on encapsulation are, in many cases too small to provide any meaningful and reliable information on the micro-heterogeneity of the CD or the location of the probe. This necessitates further studies of the complexation processes involving probes whose photophysical properties are sensitive to any change in the environment. In the majority of inclusion complexes with cyclodextrin derivatives, changes in the fluorescence of the guest compounds were used to study the formation constants while changes in the ground state were minimal. We have recently examined the effect of inclusion on the intramolecular excited state proton transfer for different 1-naphthol and 2-naphthol derivatives and found that changing the substituent position has clearly affected the emission characteristics of the host. Fluorescence emission measurements were used to determine the association while the changes in the absorption spectra were too weak to follow the inclusion process (Amer 2019 , Abdel-Shafi 2009 , Abdel-Shafi 2007 .
In this study inclusion of 2,4-dihydroxyquinoline as a photoacid (Scheme 1) in -, , and methyl -cyclodextrins in aqueous media are investigated by steady state measurements. Effect of inclusion on the deprotonation from 2,4-dihydroxyquinoline upon inclusion in -, , and methyl -cyclodextrins will be investigated. Association constants of complex formation between 2,4-dihydroxyquinoline and -, , and methyl -cyclodextrins are to be determined.
Experimental 2,4-Dihyroxyquinoline (DHQ) was obtained from Aldrich and recrystallized from ethanol. -, , and methyl--cyclodextrins were obtained from Aldrich and used as received (Scheme 2). Deionized water with resistivity>10MΩ /cm and pH of 6.8 was used. DHQ stock solution (2 mM) was prepared by dissolving the appropriate amount of DHQ in water, and 0.1 ml of this solution was transferred into 10 ml volumetric flasks and diluted with different concentrations of cyclodextrin derivatives. All experiments were performed at room temperature (25 °C). Concentration of cyclodextrin derivatives were around 0.1 mM to maximum solubility (about 10 mM). Absorption spectra were recorded on Shimadzu 1800-UV-Visible spectrophotometer. Steady state fluorescence measurements were obtained using Thermo Scientific Lumina spectrofluorophotometer. Figure 1 shows the absorption spectra of DHQ in aqueous solution containing various concentrations of -CD. When -cyclodextrin is added to DHQ, the absorbance at 290 nm shows the maximum decrease in the absorbance with two diffuse isosbestic points at 260 and 300 nm. The absorption spectral changes indicate the formation of inclusion complex between DHQ and -cyclodextrin.
Results and Discussion
For 1:1 inclusion complex formed between DHQ and -CD, the equilibrium can be written as:
The association constant can be determined according to the early well known Benesi-Hildbrand relation [Bensi 1949] for a 1:1 host-guest complex:
where A is the difference between the absorbance of DHQ in the presence and absence of -CD, is the difference between the molar absorption coefficient of DHQ and the inclusion complex and K is the association constant. A linear plot (Fig. 2) is obtained according to Eq. 2 which suggests that DHQ--CD inclusion complex has a 1:1 stoichiometry. The association constant, K, for the formation of the inclusion complex is determined from the ratio of intercept to slope in the linear Benesi-Hildbrand plot and found to be 19.4 ± 5 M -1 . The effect of addition of -CD on the fluorescence spectra of DHQ has been found to be similar to the corresponding effect on the absorption spectra (Fig. 1) . The fluorescence band intensity at 360 nm decreases upon the increase of -CD concentrations, with an isoemissive point at 390 nm. This behaviour can be attributed to the decrease in the rate of deprotonation from DHQ which may be attributed to the inclusion of DHQ in a more hydrophobic environment within -CD cavity which lead to a change in water cluster structure of (H 2 O) 4±1 necessary for proton transfer process. Fig. 3 can be treated using Benesi-Hildbrand equation for 1:1 binding model using the following equation: gives a straight line (Fig. 4 ) from which K value was found to be 385 M -1 . The obtained linearity of the plot confirms that 1:1 inclusion complex is formed between DHQ and -CD. The large increase in the association constant obtained from fluorescence measurements is a consequence of better inclusion of the anionic form of DHQ which is a result of the excited state proton transfer to the solvent (water in this case). Addition of different concentrations -CD from 0 to 9.5 mM results in small changes in the absorption spectra with major change at 290 nm as the absorbance decreases with the increase of b-CD concentrations. However, application of equation 2 to the observed changes as shown in Fig. 5 was not successful. ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ J. On the other hand, addition of different concentrations of -CD to the aqueous solution of DHQ results in a pronounced change in the fluorescence emission spectra with an iso-emissive point at 327 nm, which point to a major change in the deprotonation of DHQ with different concentrations of -CD. Application of Eq. 3 to the data in Fig. 6 is shown in Fig. 7 which is only linear in the range of high concentrations of -CD. From the slope and intercept of Eq. 3, as association constant of 450.0±50 M -1 was obtained for the inclusion of DHQ inside the cavity of -CD. Finally, addition of different concentrations of Me -cyclodextrin to the aqueous solution of DHQ shows weak changes in the absorption spectra (Fig. 8 ) that did not allow for the determination of the association constant from these data. On contrast to the clear changes observed in case of -CD, changes in the fluorescence emission spectra ( Fig. 9 ) with M -CD was found to be similar to that observed with -cyclodextrin and clear isoemissive point at 337nm which is about 10 nm red shifted relative to that observed for the inclusion of DHQ in -CD that could be explained due to the equilibrium difference in both cases. Application of Eq. 3 to the data given in Fig. 9 , results in an association constant of 63.0±10 
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Conclusion:
Inclusion in -CD, -CD and M -CD of 2,4-dihydroxyquinoline photoacid was studied by spectrophotometry and spectrofluorometry. It has been found that changes in the absorption were too small to allow for good determination of the association constants. On the other hand, changes in the fluorescence emission spectra were much pronounced. Association constants obtained were 385.0 M -1 , 450.0 M -1 and 63.0 M -1 in case of the inclusion in -CD, -CD and M -CD, respectively. The lowest association constant reported in case of the inclusion in M -CD was due to steric hindrance of the inclusion in this case due to the presence of the methyl group on -CD.
